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TITRATION

* Titrakon is also known as Tl”vrimeky.

* Tittakion is a method of quantitotive  analyss In which we detesmine
the (onentmtion Of on unknown soluton with the help of a solution
with  known conentradion. ( Standard Soluhon)

e Sine volume plays an important tle In titradion , hence it 1s also
known as Volumetnic Anal 35\'3.

=
» Titrant (known (onc.)
Stand €¢— ‘
—> Burette
* Clamp
Stopcock

Flask

Ttrand  (Unknown (Oncentration)




Types of Titrakion
® Aad- base Titration
® Redox Titrakion
* Precipitation Tiration
o (omplexomelric Titration

ImPoﬂaM fetms 1n Hitrakion

Titrant | - The solution of known concentrion, always taken in burette

Titrand | The soluhon of unknown conentrahion | adways faken in fiosk
also known as Analyte.

Equivalenee Foint |° The point at which number of moles of analyte |s
equal to the number of moles of Titrant.

End Point |. The point which shows the completion of ttrakion af
which the indicator shows the colour change . End point
(omes when one more drop of titront is adeled 1n the
anolgte alter equivalence Pm'nf,

TIndicators . These are the substance that are used n the Hirahon
for the determination of end point .

Titration Curve [X Tt 1s g graph of pH of the analyte s volume of
the fitrant added in the analyte / titrand .




Acip BASE TITRATION

® An acid- base titrakon 1s o quantitahve onal%\'s In Which we
delesmine the unknown cnentrakon of on acid or base with the
help of a known concentralion of aad os base.

® Acid- base titrakon 1s also colled Neutrolizahon htrokon as it 1s
based vpon the neutralizakion feachon blw acid € base .

Acidimetry
The delesmination of unknown wnentraion of a basic [ clkaline
Solvton bg Usfng q standard acidic Solukon 1s  known o
Acidimem/, -

Alkalimetr J

The detesmination of unknown 'cdncentrah‘on of an acdic Roluhon by
Usfng a stondard Basic / Alkaline oluhon 1S known 0%

A\kall'me\ﬂf :

Theories of Acid- Base Titrakon

e Arrhenivs Theo

® Bronsted - Lowry Theon{
® lews Theo

e Usanovich Theo

e Lux - flood Theon/




THeorieEs OF INDICATORS

® An indicator IS a substance which \s used do delesmine the End
Point in a titration .

® In acid base +itohons organic  Substanes are Qenerally used as
Indicotors.

® The\{ Chonge thers colour within a  cestain pH funge.

Theories -

There are basica|l3 two theories given to explain the  (olour changing
Nature of acid- base Indicators

O Ostwald's Theonf

@ Quinonoid Theorﬂ

Ostwald's Theory

. Acco(ding to the ostwald's ’rheon/ Indicators are 8enera|l3 weak acrds
Ot weak bases .

o The change in Colour of the indicolor 15 due to thers 1omsalion .

o The uniomised form of the Indicalos has different colous and Tonised

form has different Colovs.

Unionised form  «—— JTonised Form
(Different (olour) ( Different Colour)

o Now there con be two Cases !
® Indicator Is Weak Acid
@ Indicaloy 1s Weak Base




_I¥ Indictorvs Weak Acid
In @se, If the indicalor is a weak acid

® Its ionisakion fn acids 1s very low due to Common H* Tons |, that
Means 1n adds t Is (n unionised form .

® Tt 15 fairlly fonised in basic or alkaline solvkion , that means In
bases 1t is in Ionised form .

£xample - Phenolphthalein s a weak acid indicatos and it is
(epresented by HPn

(Unionised) HPh == H* + Ph™ ( Jonised)
(olourless Pink

I Indicator is Weak Base
In ase, If the indicator is weak base :

* Tts lonisaton is very low i bases due to common OH- fons, that
means in bags , it Is In  (nionised form .

o Tt |s fax‘r\g lonised \n acdic  Solukion by H* lons, thal means
in acds it ts In Jonised Form

ﬂﬂmpjg_: Melny 'Oranae is 0 Wweak bose Indicatoy and it IS
lepresented bg MeOH

(Unionised) ™MeoH == Met { OH- ( Jomised)
Yellow Red




Quinonoid Theory

o A((ordmg to q»in'onoid theory , an acid- base Indicatoss exst in
two Yavtomeric forms having) different  Shructures.

® One form |s termed as Benzenoid Form and the olhex form s

termed as  Quinonoid Form .

Benzenoid Form Quinonodd Form

o The two forms have different colours

e One form exist in acidic medium and othes In bavc| Alkaline meclivm.

e During tittaHon , the medium changes foom acidic to basic 0w vice -versa
ond dve to this PH of solution ig olso changes which Cconverts one
tavtomesic form into other and thats how colour changes.

_Exompk_: Pheno\Ph’molet'n has, benzenoild fosm 1n acidic medium
which Is lourless , while 1t has qUn'nonon'd form in
alkoline medium which has pink  colous,




Benzenoid form of Phenolphthalein

Quinonoid Form of  Phenolphthalein

Some Commonly Used Acid- Base Indicadors -

No- | JIMOIcATOR NAME PH RANGE ACID BAsE
1 Phenolphthalein 83-1-0 | Colourless Pink / Red|
Y| Methyl Ofange h-6 Red Oranae
3 Methy!  Red h-o-64 Red Vellow

Y Phenol Red &4 -3 Yellow Red

5 Tbtjmo\ Blue 1.2-28 Yellow/ Red | Blue

6 Bromophenol Blue 3-4.6 Yellow Rlue




NeuTtraLizaTion (URVES

® Nevutalization curve Is also known as Titrakon (Curves .

®* A Titrakon cure 1s a qraph  plot betueen PH of the analyte / Titrand
VS Volume of the Titrant added.

® As the equivalene point s feached In the titrokion , there s a roprd
Change In PH.

Some Impoﬂont Terms In Neutiolizakion Curves

Strong Acid [ A Strong Acid Is on acid which 1s complelely - dissociates
when dissolved In waler or agueous solution.

HU —— H' ¢t Q-

Weak Acid [ A Weak Acid 1s an acid which do not COmple‘rel\{ dissociales
when dissolved (n Waler or aqueous Solukion .

(HzC00H == (HsC00-+ H*

Strong Base | A Strong Base are those which completely dissaciates when
dissolved in water or agueous Solution .

NoOH  ——  No' + O




Weak Base | : Wenk base are those which do not completely dissociates
when dissolved In waker or aqueous Rplukion .

NHy4 OH = NHy" + OH~

Meuttal Salt | © A Neutral Sait is a Pproduct of strong Acid and
Stong Bose feackion . pH of Neutrol Salt =%

HCl + NaOH —— NaCl } He0

Acidic Salt [ An acidic salt is a poduct of stong Acid and
Stremg base reaction, Hof Aadic Sat ¢
Weak v

HCL + NHyOH —— NHyCl + H.0

Basic Sait [: A basic salt 1s product of strong base gnd  Weak
Acid reaction. pH of basic sat » %

(HsCooH + NaoH — (HsC00Na t H20

Classification of AC\D - BASE Titrokions
Acid base Htatons are classified 1n four (olegories tording fo htrakion urve
© Strong Acid \is Strong Base
@ Wweak Acid vs Sﬂong Base
® Strong Acdd Vs Weak Base
@ weak Aud Vs Wwenk Rose




lﬁfonq Acid vs Strong Base Titrolion

Suppose  our anolyte is hydrochlosic acid (HC) gnd Titant is  Sodivm

hydroxide

(NaoH) |, thot are skong aad and shnng bose, . Now I& we

P\of 0 graph between PpH of the anolyte vs volume of Htitrant added
we. wil get a htolon cusve 0% Shown below °

'y
1t
|Q"
pH of the 104
Arolgte g ® Equivalence. foint
-------- . fo
ol qUW ence. foin
y
2
>
Volume of Titrant Added
o Point 1 * No Naot is added in the HCl , so the pH of the analyte is

e Pomnt 2 -

o foint 3 -

o Pointh

Very low due to strong acid. Hel

This is the point 0F which pH 13 Tecorded ot a time _yust
before complete neutralizahion takes place .

This s the equivolence point . A 4his Hme , moles of NaoH =
moles 0f HCL in the analyte . The Solukon Contains nevtral salt
and hence ph s nevtral re. ph=1

Additon Of NaoW -confinves , pH starts beaming bosic becouse
HCO\ was nevtralized at equivolence pofnlL and now excess Of
OH- 1ons presm’c In +the olution

AAAAAAAA



Weak Acid Vs Strong Base Titration
let's assume our onalyre 1s acee acid , Cson (Weok Acd) and
Titrant 1s sodivm hydmoxide , Naon C Strong bose) , now if we plot

0 graph blw pH of the analyte (CHstor) € volume of Htrant (Naow)
Odded , then we will get a Hokon Curve 0% shown  below :

Volume of Titrant added

o Point 1 ° No analyte 45 Ceded +a- ¥he NAOH IS added In the analyte
so the pH of the analyte Is low due to CHz®oH

o Point 2 : This is the pH Tecorded OF a ffme Just before Complete
neutrolizaltion tokes ploe.

e Point 3 ° This Is the equivalence point . Atthis Hime , moles of Naon
added = Moles 07 (HacooH , but since the rachon (s beluween

weak ‘acid ond strong boge , the sSalt formed will be Basic
Salt und hence pH is bosic j-e., pH 7> F

o Point 4 : Aftes equivalence point , pH will fises Slowly < then heesryg
Constant .

NNNNNNNN



Strong Acid vs Weak Base Titrakion
Let's assume our analyte Is hydrochloic acid HC| (shona aad) €
titant s Ammoniom hydroxide NH4OH (weok bose) , Now If we
plot 0 graph blw ph of the anolyte (Hcl) and volume of Hiant
(NH40H) added , then we will get a titrahion curve on  shown below ' -

A
Mt
‘9 -+
pHof the 10T
Analyte € ¢ ®
f' _____ ® Equivalence Foint
2

- .
Volume of Titrant adde

e Point 4 : No NH4oH is added in the anclyte , So the PH of the
analyte 1s very low due fo strong acid HCI

o foint 2 - This is the pH recorded af the Hme Just befre the
complete Nevtralizakion takes place .

o Point 3 This Is the equivalence point , At this point moles of
NHyOd = Moles of HCI , but since the reachion Is between
Strong acid ond weok Dase , 4he salt formed will be
aadic sait ¢ pH will be acdic le. pH<#

o Pointh - After, the eguivolence point , NH4OH addition Conkinves <
PH will increoses .




Weok Acid vs Weak Base Timhon
let's assume our analyte \s Aethc add, C(nsooq (Weak acid) £
Titont 1s  Wweak boge , Ammonium hydroxide (NH40H ) | Now if
We plot a qraph biw ph of the pnalyre € \olume of Hhont added

We Wil Se} q Hiokon curve 0% ghown below '~

PH of the
Anolg’fe

Volume of Titont Addec|

Point 1 = No NHaoH is added 'n the analyle , so the 'pH of the
anolyte will be low due {0 (H3COOH

At this point no of moles of (Hstoon = no of moles of

Foint 2 -
MH40H . equivalence point occurs af nevtml pH , pH=1

Since. the Htront is weak bage , hence It will not Increase

Point 3
PH of a lorge exent .




Non Aauveous TITRATION

® Most of the ditrations are pesfosmed 1n the aqueous media, means
waoles s vsal as Solvent , but in the case of wesk auds and weok

bases | use of wales don't gives a hap end point.
® Non- Agueous Solvents are those Which do not confoin  wales.

® Non- Aqueovs Titrtion fefers fo a type of titrakion in which the
anolyte s dissolved In @ soluent which cloesn't Contoin water,

Reason For Non- Aqueous Titrahon

e The substance is Insoluble [n waler.
® The substance | (eachve Wwith wales
e The sample Is too weok acid or too wesk base.

Aduantqqes of Non- Aqueous Titralion
® Qrgam‘c acids or bases that are insoluble |n wates are easil‘q soluble

In Non- aqueous solvent .
o Tt con be used for Hitralion of mixtue of acids oy well
o Tfmf afe Used for titrakon of weak acids and weak lases

® Non- Aqueous Titrahons are Stmple and accurate |

Dl'saduanfages of Non- Aqueovs Titrations,
o Non- Aqueous Soluents are generally expensive .
e \olohle solvent can pollute  environment .
e Indicctor must be prepare (n Non- Qqueovs  Medium .




Tyees OF Non AQuEOUS Sou.vr-:m'sﬁl

There are bas(callt/ b Wpes of solvent used In the Non- aqueovs Thrakion,

O Protophitic Solvents
@ Protogem‘c Solvents
® Amphotesic  Solvents
@ Apwohic  Solvents

Pm’ro‘phill'c Solvents
* The word protophilic - stands for 'Pm’ron lover'
o Protophilic solvents are basic I nalre.
o They are used fo dissolve acidic analytes
o They posses a high affinily for proton
* examples . Pyridine, amine ete.

Promgem‘c Solvents
e The word Pm\ogem"c stands for ‘Proton  Grenerator
o Pmtogenic solvents are aadic in noture £ Jrha{ (an donate proton
o They are Used to dissolve  basic analytes .
e They have dieledric  constant .
o examples : Gilacial aetic acd , Fomic acd etc .

Amphiproh'c Solvents

° Thaf work 0s both Pro’(ogenic and ProtoPhih‘c solvent
e These sOlvents Dehawe as acid as well as base .
° AmPh{Pm’n'c Solvents Con either acept or donale the Pro}on,

o oxamples - Alcohols, Methanal , Etnanol efe.




AproHc Solvents
e These Solvents are chemially rnert.
o W\eq are Neithes acidic or nor bogc

° The\f do not Qaept 0% donate pzmtons.
o Tﬁel{ have low dielectsic Constant.

* eoxamples :  Benzene, Chloroform etc.

. The principle of Non Aqueous Titraion (s baged on
Bronsted - Lowry Theory of acid ond bose.

NoTE

Most Commonly Used Non- Aqueous Solvent

e (lacial acetic aad
o Acetomtnle

e Alwhols

e Dioxone

o Dimethyl fosmamid




LeveLung EFFecT |

o Leue\h'n/g effect vefers to the effet of solvents on the properties of
acids and bases. It fefers 1o l'ncreasfng drssociation of  compounds..
® Sine all stong acids ond bases are Complelely dissociates in waters

hence woler has Levelling effect on stonq acids and  boses.

® But s we know weok acids and weok bases are hardh, dissociates
In wober , hene wates doesnt have a levelling effect on weok acids
ond weok bases

e The acfdih, of weok acds can be enhonced [n the presence of bosc
( Protophitic ) Solvents . Weok acids behaves as strong acid in protaphilic
solvents , hence ProfoPhih‘c / basic  <olvents  shows \eve\h'ng effect on

weak acids.

® The basicily of weok bases on be enhanced in the presence of acidic
CPmtogmic) Solvents. Weok boses behaves 0s shorlg bose In
P(oto/genic: Solvents, hence pmtogenic Solvents  Shows, leue\h'rg effect
on weak bages.




AI.K_AL\HETR\IJ

® Alkalimetty used fo defesmine the conentrodion of acid  substances
Using Standord  base.

® In alkahmeky a known Volume of an acid |s pot nto @ Onic)
flask and 4hen titroted aquinst  standard  solokion  of base  taken
In burelte .

® Equivclent point is 4he point ot which no: of males of analyte (ocid)
s equal 10 the number of moles of fitront (base)

¢ Here 1n Alalimelr
® Adad © Used 0s analyte taken in flagk
@ Base ' Used as Miont faken In  burette

o In, Alkalimelry , Bose is the -standard Solution .

— BASE

» ACID




AcioimeTry

° Acidimeh\, veed to deleomine the Conentrahon of bose Substonces
Using Standard acid solution.

* In qoidimety, a known Volume of a bate is put Into a conical
flosk , the solution |s dhen fitroted against O stondard  soluhion of
acd Haken fn burette 4l equivalent paint  Comes.

* Equivolent Poim Is +he Pofm of which no- of moles of analyte Cbos)

S equal to the no- of moles of Hrront Cacd ) |
® Here |n acidi
@ Acd * Used as Titront token (n burette
@ Base - Used 02 Andlyte foken in flosk

® In (lddimeh\( qdd 1s the standard  Bolution .

—» ACID

-+ BASE




Types of Titrakion
® Aad- base Titration
® Redox Titrakion
* Precipitation Tiration
o (omplexomelric Titration

ImPoﬂaM fetms 1n Hitrakion

Titrant | - The solution of known concentrion, always taken in burette

Titrand | The soluhon of unknown conentrahion | adways faken in fiosk
also known as Analyte.

Equivalenee Foint |° The point at which number of moles of analyte |s
equal to the number of moles of Titrant.

End Point |. The point which shows the completion of ttrakion af
which the indicator shows the colour change . End point
(omes when one more drop of titront is adeled 1n the
anolgte alter equivalence Pm'nf,

TIndicators . These are the substance that are used n the Hirahon
for the determination of end point .

Titration Curve [X Tt 1s g graph of pH of the analyte s volume of
the fitrant added in the analyte / titrand .




Assay OF Sooium BENZOATE

(3Hs NaO..
4y 4 gfmol 0

Sodium benzoate contains not less than 937 ond not more than

100-5 /. 0f CxHsNaO2

Principle

(¢ Hs C0ONa +  HC0y  —— (ghsCoH t+ Naclo
(Sodium benzoate)  ( Ferchlonc acd) ( Ben2oic acid)  (Sodium Perchlop

Prooer%ies
o Tt IS a white Cn{s{ollme or qranular Pomdczr
o Tt 15 odourless
e Tt is hyqmsapic n noture

Preparoh‘on and standardisaton of 01 N Perchlone acid




Assay Of Sodium. Benzoale |
® Weight about 0:98 g of sodjum benzoate and cissolve 10 90 m

of Qnhydrous g\acu‘a) aehc acd .

® T nee ten wam Y0 S0°C ond +then (ool
® Add aystal Violet or - Naptnolbenzein as Indicator

® Tirate with 04 N peachpric aad HI colour changes to qeen.

Calculahon
® 0-0M441 g of (HswoNa = 1 ml of 041N HaOy

7 Pun'h! of CGeHsCoONa = Vol- of HCloy X N Of HCloy X 0-DAuy] .
Weight of (eHsCoONa X 0

Uses

o Preservahves
o Additives efc.
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